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• Biotechnology is defined as the technology that 

involves the use of living organisms or products from 

living organisms to benefit humans (production of 

food, drugs, etc). 

• Many important drugs are produced by recombinant 

organisms (Insulin, Renin inhibitor,etc) 

• Gene therapy. 

• Production of transgenic plants and animals 

• DNA fingerprinting 
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–Gene Therapy: The insertion of 
therapeutic genes into an individual so 
that their products act to modulate a 
particular phenotype. 
•  One strategy associated with gene therapy 

involves the removal of cells from the body, 
engineering them to produce the desired effect, 
and then implanting them back into the body of the 
individual. 
–  insertion of genes for clotting factor into cells that are 

then implanted into individuals suffering from hemophilia. 

»  This allows the body to produce clotting factor 
and alleviate symptoms associated with hemophilia. 
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Transgenic Plants and animals 

• Organisms that carry recombinant 

DNA are termed transgenic 

organisms and the added DNA is 

termed a transgene. 

• Transgenic plants and animals may 

be very useful for humans (for food, 

production of certain hormones , etc) 
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Transgenics 

• Transgenics is the transfer of a specific gene from 
one organism to another. Gene splicing (cutting a 
gene from one organism and pasting it into the DNA 
of another) is used to introduce one or more genes of 
an organism into a second organism.  

 

• Transgenic (genetically modified or genetically 
engineered) animal is an animal to which a foreign 
gene has been transferred (inserted) from another 
organism. A transgenic animal is created once the 
animal incorporates the new DNA into its own 
genetic material. 
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Transgenics 

• The foreign gene is constructed using recombinant 

DNA technology.  

 

• The DNA usually includes other sequences 

(regulation elements, e.g. promoters, stop cosons, etc) 

in addition to the gene itself :  

- To help it get incorporated into the DNA of the host 

and to be expressed correctly by the cells of the host. 
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Objectives of creating transgenic 

animals 
1. To produce therapeutics for human medicine (gene-

pharming or the use of livestock species as 
expression systems for the production of high value 
protein products). 

Examples: 

- Use of a therapeutic to prevent blood clotting that is 
produced in goats' milk (approved by the European 
Medicines Agency in 2006). 

- Scientists have bred several generations of 
transgenic chickens that produce therapeutics in the 
egg white. 
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2. To provide models of human disease - the function 

and control of genes implicated in human disease can 

be studied in animals (yields new insights into basic 

physiological mechanisms, e.g. gene regulation). 

 

3. To provide tissue for use in human transplant surgery 

– the recognition molecules on animal cells may be 

tailored so that they are no longer rejected as foreign 

by humans. 

Objectives of creating transgenic 

animals 
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Objectives of creating transgenic 

animals 

4. Genetic improvement of livestock (production of 

animals with desired production traits and the 

creation of animals with entirely novel properties): 

Examples:  

1) enhance growth and improve carcass characteristics 

2)   increase milk production and alter milk composition 

3)   improve wool production. 
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Objectives of creating transgenic 

animals 

5. Improve animal health: 

 - Identify genes that confer resistance to disease and to 

introduce these into livestock 

- so reducing reliance on antibiotics and chemicals to 

control disease. 
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• How Do Researchers Produce  
a Transgenic Mammal? 

– For a gene to be expressed, researchers 
must put the transgene into the zygote 
before the beginning of embryonic 
development. 

•  If this is performed successfully, all of 
the cells of the organism will contain the 
desired DNA. 

• Success rate: in approximately one percent of 
the cases, the gene becomes incorporated into 
the genome of the egg.  
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Examples of transgenic animals 

• A year after Roslin Institute and PPL Therapeutics  
announced cloning Dolly, the same group announced 
the birth of two more cloned sheep, Molly and Polly.  

• These two sheep were different from Dolly in that 
they both carried the human gene that codes for a 
protein called Factor IX . 

• Factor IX is a blood clotting protein, and it is 
commonly used to treat patients that have 
hemophilia B, a disease that is caused by a 
deficiency in Factor IX. 

• The goal of creating Molly and Polly was to create a 
herd of sheep to produce Factor IX in their milk  
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Examples of transgenic animals 

• Advanced Cell Technology, Inc have produced 

transgenic cows that secrete the protein serum 

albumin in their milk, a protein that is used to extend 

blood volume and is used in patients suffering from 

traumatic injuries, such as burns 

 

• Transgenic chicken were produced to synthesize 

human proteins in the "white" of their eggs    
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Examples of transgenic animals 

• Very recently, researchers in New Zealand (Jebed et 

al., 2012) have used RNA interference (a process 

that inhibits the expression of certain target genes) to 

engineer a dairy calf capable of producing 

hypoallergenic high-protein milk. 

• When lactation was induced, the calf produced milk 

containing high levels of protein and a dramatic 

reduction in beta-lactoglobulin (BLG) levels 

compared with nonengineered calves.   

• Artificial RNAi molecules enable the knockdown of 

target transcripts, either by mRNA degradation or a 

block of translation 



17 

Transgenic plants 

• Molecular biologists use the bacterium 

Agrobacterium tumefaciens which 

naturally infect plants to produce 

transgenic plants. 

– Molecular biologists can genetically engineer 
plants that can: 

• synthesize animal or plant proteins; 

• resist herbicides; 

• resist infection by plant viruses. 
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• The Genetic Engineering of Plants Is Easier 
Than That of Animals 

– Plant advantages: 

1)  they are easier to clone than animal 
cells (plant cells are totipotent: one cell 
can produce an entire plant); 

 

2)  they can be grown in vast fields which 
allows massive production of desired 
products; 
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Animal Cloning 
• Cloning is to produce an exact genetic copy of an 

animal (production of genetically identical animals). 
• Dolly was the first animal to be cloned via 

nuclear transfer from a cultured somatic cell 
derived from an adult sheep.  

• This process, known as SCNT (somatic cell 
nuclear transfer) cloning.  

• This allowed cloning technology to be extended 
to make copies of top breeding animals with well 
established breeding superiority based on their 
own performance records, and those of their 
offspring.  
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Cloning of Dolly 
Source:http://www.biology.iupui.edu/biocourses/Biol540/12cl

oningfullCSS.html 
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Gene targeting  
• Gene targeting was developed to knockout or 

knockdown the function of a specific gene 

• In biotechnology a knockout refers to an organism 

which has been genetically altered in such a way that 

one of its genes is missing or inactive due to a 

mutation, or its complete deletion  

• Knockout gene technology allows experimenters to 

inactivate specific genes within an organism and 

determine the effect this has on the functioning of the 

organism  
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• Homologous recombination is used to introduce 
modifications into a gene by exchanging endogenous 
DNA sequences in the chromosome with cloned 
DNA sequences (targeting vector).  

 

• It was first reported in 1985 allowing for the stable 
insertion of DNA into the genome at a predictable 
site. 

• In 2007, Mario Capecchi, Martin Evans and Oliver 
Smithies won Noble prize for their discoveries of 
"principles for introducing specific gene 
modifications in mice by the use of embryonic stem 
cells" 

Gene targeting by homologous 

recombination 
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• A targeting vector carrying a selectable marker 

(usually the neomycin resistance gene) flanked by 

sequences homologous to the genomic target gene 

is constructed and introduced by transfection into an 

embryonic stem (ES) cell line.  

 

• The homologous flanking sequences enable targeted 

insertion into the genome and the gene mutated by the 

selectable marker replaces the original wild-type 

sequence. 
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• A targeting vector carrying a selectable marker 

(usually the neomycin resistance gene) flanked by 

sequences homologous to the genomic target gene 

is constructed and introduced by transfection into an 

embryonic stem (ES) cell line.  

 

• The homologous flanking sequences enable targeted 

insertion into the genome and the gene mutated by the 

selectable marker replaces the original wild-type 

sequence. 



28 28 

Gene knockdown 

• Gene knockdown refers to techniques by which the 
expression of one or more of an organism's genes is 
reduced through: 

• Either, genetic modification (a change in the DNA of 
one of the organism's chromosomes) 

 

• Or by treatment with a reagent such as a short DNA 
or RNA oligonucleotide with a sequence 
complementary to either an mRNA transcript or a 
gene  
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RNA Interference (RNAi) 

• Fire et al.(1998) coined the term RNA interference 

(RNAi) referring to the phenomenon of post-

translational silencing of gene expression that 

occurs in response to the introduction of double-

stranded RNA (dsRNA) into a cell.  

 

• RNAi is a highly conserved mechanism throughout 

taxonomical species  
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DNA Fingerprinting 

Example:  Suppose Joe’s DNA has four restriction sites for EcoR1; 

EcoR1 will, therefore, cut Joe’s DNA four times 

_______________________________________________ 

5 fragments result from the action of EcoR1when applied to 

Joe’s DNA 

What is the restriction site for EcoR1? 
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Suppose Anisa’s DNA has 3 restriction sites for EcoR1. 

EcoR1 will, therefore, cut Anisa’s DNA three times. 

_______________________________________________ 

4 DNA segments result 
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EcoR1 cuts Joe’s DNA into 5 fragments and Anisa’s into 4. 

 

Joe 

Anisa 

Note: In addition to differing in fragment number, the size of 

the fragments differs as well. 

 

Restriction Enzyme & DNA Fragments 
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Analysis: These fragments can now be 

separated from one another using Gel 

Electrophoresis 

Joe’s DNA Anisa’s DNA 

+ 
- 

Smaller DNA fragments will travel farther on the gel than 

larger DNA fragments. 


